Abstract. STUDY DESIGN: Prospective cohort study. BACKGROUND: Although lumbar radiculopathy is regarded as a specific diagnosis, the most effective treatment strategy is unclear. Commonly used treatments include transforaminal epidural steroid injections (TESIs) and Mechanical Diagnosis & Therapy (MDT), but no studies have investigated the effectiveness of this combination. MDT differentiates pain centralization (C) from non-centralization (NC), which indicates good vs. poor prognostic validity respectively. OBJECTIVE: The main aims were 1) to determine changes in Mechanical Diagnosis and Therapy (MDT) pain response classifications after transforaminal epidural steroid injections (TESIs) in candidates for lumbar herniated disc surgery and 2) to evaluate differences in short and long term outcomes for patients with different pain response classifications. METHODS: Candidates for lumbar herniated disc surgery were assessed with a MDT protocol and their pain response classified as centralizing or peripheralizing. For this study,only patients were eligible who showed a peripheralizing pain response at intake. All patients then received TESIs and were reassessed and classified using the MDT protocol, into groups according to pain response (resolved, centralizing, peripheralizing with less pain and peripheralising with severe pain). After receiving targeted treatment based on pain response after TESIs, ranging from advice, MDT or surgery, follow-up assessments were completed at discharge and at 12 months. The primary outcomes were disability (Roland-Morris Disability Questionnaire [RMDQ] for Sciatica), pain severity in leg (visual analogue scale [VAS], 0-100) and global perceived effect (GPE). Linear mixed-models were used to determine between-groups differences in outcome. RESULTS: A total of 77 patients with lumbar disc herniation and peripheralizing symptoms were included. Patients received an average of 2 (SD 0.7) TESIs. After TESIs, 17 patients (22%) were classified as peripheralizing with continuing severe pain. 
Introduction
Lumbar disc herniations are the most common source of sciatica (i.e. pain radiating below the knee) estimates of the annual prevalence range from 3% [1] to 14% [2] . Surgery can provide immediate relief of symptoms, however research has shown that functional outcomes of lower risk, non-operative treatments are equal to those following lumbar disc surgery, although recovery takes longer [3] .
For patients with a herniated disc and persistent disabling radicular pain, therapeutic epidural injections are an increasingly popular treatment option, aimed at diminishing pain, improving function and preventing surgery [4, 5] . Injection techniques vary and can be divided into transforaminal, interlaminar, and caudal approaches. Several studies have evaluated the effectiveness of these injections, however interpretation of the results is hampered by heterogeneity with respect to injection therapy technique and the absence of a standard placebo intervention. In a recent review, Pinto et al. [4] assessed the effectiveness of epidural corticosteroid injections for sciatica (i.e. pain radiating below the knee) and concluded that they are only minimally effective in pain and disability reduction, and only for short-term. They found no difference when comparing the three different epidural injection approaches. Although epidural injections are frequently performed in patients with disabling radicular pain, there are currently no clear therapeutic recommendations regarding inclusion criteria, timing, preferred techniques and the number of injections [6] . Although its comparative effectiveness with respect to other approaches remains unclear, the transforaminal approach has potential advantages over interlaminar and caudal injections. The most important of these is that transforaminal injections offer a more-targeted approach, delivering steroid directly to the presumable inflamed nerve root under fluoroscopic guidance. In our clinical practice, patients with persistent disabling radicular pain due to herniated disc lesions are initially classified with respect to their pain response (i.e. centralizing or peripheralizing) using Mechanical Diagnosis and Therapy (MDT) [7] . Centralizing pain means that the most distal pain abolishes in response to certain postures and end-range movements. Peripheralizing pain means that distal symptoms are produced and/or distal symptoms are made worse. After classification, patients with a centralizing pain response are treated with MDT, because for 'centralizers' there is some evidence that MDT is more effective than other physical therapy approaches [8] [9] [10] [11] . Patients with a peripheralizing pain response are treated with TESIs. A possible explanation for a peripheralizing pain response is that radicular pain is aggravated during the MDT assessment process due to irritation of an inflamed nerve root [12] [13] [14] . Following this, it seems reasonable to treat peripheralizers firstly with TESIs in order to target the presumably inflamed nerve root, and secondly with physical therapy, if necessary. It may be that a peripheralizing pain response is an indicator for a more intensive procedure like TESIs, as there is preliminary evidence that patients with a peripheralizing response have a less favorable prognosis than patients with a centralization response [15] .
In our clinical experience, the pain response frequently changes from a peripheralizing pattern into a centralizing pattern after TESIs, although this observation has never been systematically documented. As far as we know, there is only one small retrospective case series that has described such a change [16] . In this study three patients with acute cervical radiculopathy and peripheralizing pain underwent cervical transforaminal or intralaminar epidural injections at one or two levels. After this procedure, the three patients were classified as centralizers with MDT and subsequently treated according to MDT principles with direction specific exercises and posture correction. The combination of injections followed by MDT resulted in rapid and drastic improvements.
The aims of the present study were 1) to determine changes in MDT pain response classification after transforaminal epidural steroid injections (TESIs) in candidates for lumbar herniated disc surgery and 2) to evaluate differences in short and long term outcomes for patients with different pain response classifications following TESIs.
Methods
Data were prospectively collected in two time periods, from August 2008 to October 2008 and from November 2009 to March 2010. Patients were recruited in the Medical Back Neck Centre, outpatient private practices in The Hague and in Rugpoli Veluwe in Velp, The Netherlands. The Regional Medical Ethics Committee North Holland determined that formal ethical approval was not required, because the study involved only usual care and outcome measurements were consistent with daily practice. This study is the second analysis of these data. The first study was an observational investigation of the effectiveness of TESIs plus physical therapy for this cohort. The results of the patients with chronic low back and leg pain ( 3 months) are reported elsewhere [17] . In the present study, a small subsample of patients with a shorter duration of back pain was also included.
Inclusion and exclusion criteria
All patients were surgery candidates. Determination of suitability for surgery was performed by neurosurgeons and orthopedic surgeons according to CBO (Dutch Institute for Healthcare Improvement) guidelines for surgery in herniated disc lesions [18] . Prior to undergoing surgery, eligible patients were offered participation in the study, which involved an MDT assessment and a combination of TESIs and MDT as appropriate. Inclusion criteria were; lower extremity pain with or without low back pain, a lumbar disc herniation confirmed by MRI, two or more positive neurological signs (i.e. sensory deficits, muscle deficits, diminished jerk reflexes) peripheralizing pain during two MDT diagnostic sessions. Exclusion criteria were; pregnancy, contraindication to the use of corticosteroids (e.g. allergy for corticosteroids) or fluoroscopy, and specific causes of LBP that were not directly related to herniated discs (e.g., (suspicion of) malignancy, fractures, spinal stenosis, severe cases of spondylolisthesis), and inability to speak Dutch or English. The MDT assessments were done by two diplomat MDT therapists and one credentialed MDT therapist. Each patient was assessed twice with a MDT protocol within 48 hours. Only patients who showed peripheralizing symptoms at both assessments were included. Research has shown good reliability for observing centralizing and peripheralizing responses when done by physical therapists with appropriate educational level in MDT [19, 20] . All participating patients signed informed consent.
Intervention
After the initial MDT classification procedure, all patients received TESIs of 20mg dexamethasone and 0.5cc lidocaïne 2%, under fluoroscopic guidance with contrast medium (Omni Pac 240) as prescribed by International Spinal Intervention Society (ISIS) guidelines [21] . If necessary, within 10 to 14 days an appointment was made for an extra injection. Segmental level was determined by MRI findings combined with clinical picture. All medical doctors (n = 4) involved in administering the TESIs were trained in, and followed ISIS guidelines [21] . If pain relief was greater than 50% on the visual analogue scale (VAS) leg or if the patient refused another injection, no further injection was provided. Doctors could give up to a maximum of four TESIs to optimize pain relief. All decisions were made in a shared decision-making process between the patient and the physician. Subsequent injections were administered with 2 weeks intervals.
MDT reassessment to establish pain response classification
Ten to 14 days after the last TESI, patients were re-evaluated and re-classified by a MDT therapist and treated according to their pain response classifications. The four treatment subgroups consisted of 1) resolved symptoms (i.e. no pain with repeated movements or sustained positions); these patients were given advice using MDT principles, based on balance between flexion and extension activities and posture correction 2) centralizing; these patients were treated according to MDT principles with direction specific exercises and posture correction, 3) peripheralizing and significant less pain compared to the situation before TESIs; these patients were given advice/information using MDT principles and advice to stay active, with respect for worsening leg pain, and 4) peripheralizing with ongoing high levels of pain and/or disability; this subgroup was expected to have an unfavorable prognosis with conservative management and recieved herniated disc surgery .
Outcome measures
The primary outcome measures were leg pain, disability and global perceived effect (GPE). Leg pain was measured using a 100-millimeter VAS ranging from 0 (no pain) to 100 (worst imaginable pain) over the past 24 hours. Disability was measured using the Roland-Morris Disability Questionnaire for sciatica (RMDQs) [22] . Total RMDQs score is the sum of positive answers to all the questions and ranges from 0 (no disability) to 23 (maximum disability). GPE was measured using a 7 point Likert scale, which ranged from 1 to 7. An a priori decision was made to dichotomize GPE into success (scores 1 and 2; complete and nearly complete recovery) and no success (scores 3 to 7; slight recovery to worse than ever).
Secondary outcome measures were back pain, anxiety and depression. Back pain was measured with a 100-millimeter VAS ranging from 0 (no pain) to 100 (worst imaginable pain) over the last 24 hours. Anxiety and depression were measured with the Hospital Anxiety and Depression Scale (HADS) [23] . The HADS contains two subscales of 7 items for depression and 7 items for anxiety. Each item is rated on a four-point scale, giving maximum scores of 21 for anxiety and depression.
Other data gathered were age, sex, duration of the complaints, number of TESIs, number of MDT treatment sessions, complications due to any of the study treatments, other treatments during the follow-up period including lumbar surgery, medication use and work status. Data were collected at intake, at discharge after MDT and 12 months after intake.
Statistical analysis
Baseline characteristics of the patients (i.e. before TESIs) were calculated for each of the four classifications. Frequencies and percentages of patients in each pain response classification subgroup after TESIs were calculated. Fisher exact, Mann-Whitney and ttests were used to test differences in baseline characteristics between patients who eventually underwent surgery with those that did not receive surgery.
To explore differences in short and long term outcomes between the three non-surgery subgroups (resolved, centralizing and peripheralizing and significantly less pain) linear mixed model analyses were used for continuous primary and secondary outcomes, controlling for baseline scores and sex. For each subgroup, regression coefficients with 95% confidence intervals (CI) between baseline and follow-up measurements were calculated. The success rates for each subgroup at short and long term (GPE) were compared with a chi-square test (likelihood ratio (LR)).
For patients who underwent surgery only short term effects were available. For this subgroup paired t-tests were used to calculate differences before and after TESIs.
For all tests p < 0.05 was considered significant. The data were analysed using IBM SPSS Statistics Version 20.0 (IBM Corporation, Armonk, NY, USA)
Results
A total of 132 potentially eligible participants were identified of which 79 patients met all inclusion criteria. The reasons for ineligibility were: centralizing pain response at initial MDT assessments (n = 29 on the first visit, and n = 12 on the second visit), insufficient understanding of English or Dutch language (n = 4), refused injections (n = 5) and undefined reasons (n = 3). Of the 79 patients who participated and were injected, 2 patients dropped out: one moved to another address and did not want to continue participation and one refused further cooperation, no follow-up data was available for these patients. This resulted in a study sample of 77 patients (see Fig. 1 ).
The mean age for all 77 patients was 47.1 years (standard deviation [SD] 9.2), the mean VAS leg pain was 58.1 mm (SD 25.1) and the mean RMDQs score was 14.2 (SD 5.0). In the sample 51.9% were men and 91% had chronic low back pain ( 3 months). Patients were injected with an average of 2 (SD 0.7) TESIs. The number of patients in each of the four classifications after TESIs was; resolved 14% (n = 11), centralizing 48% (n = 37), peripheralizing with significant less pain 16% (n = 12) and peripheralizing with ongoing high levels of pain and/or disability 22% (n = 17). The patients in the last subgroup underwent surgery. Table 1 presents baseline characteristics (before TESIs) amongst the patients eventually categorised in the different pain response subgroups. All patients with centralizing symptoms reported significantly less pain, except one. This patient was later categorized in the subgroup peripheralizing with ongoing high levels of pain and/or disability and underwent surgery after half a year. 
Comparison between patients that received surgery and those that did not
At baseline, the 17 patients who underwent surgery after TESIs scored statistically significantly higher on pain in the leg (p < 0.001), disability (p < 0.001), pain in the back (p = 0.01), anxiety (p = 0.003) and depression (p = 0.002) compared to the non-surgery patients. Patients who underwent surgery were also less likely to be employed (p = 0.018).
Responders to TESIs
In this study, 60 patients (78%) responded well to TESIs and were classified after receiving TESI in one of the three subgroups: resolved, centralizing and peripheralizing with significantly less pain. During the one-year follow-up time, none of these patients underwent surgery and only a minority of the patients received additional conservative treatment elsewhere (19.3%), mostly graded activity training. Use of pain medication diminished from 55% at baseline, to 10% at discharge (between 4 to 7 weeks) and 6% at one year (long term). For employed patients, 41% had work restrictions at baseline, this reduced to 16% at discharge and 10% at long term.
Differences between the three types of responders to TESIs
On average, the number of MDT sessions following TESIs in the resolved subgroup was 1.2 (SD 0.4), 3.6 (SD 1.4) in the centralizer subgroup, and 2.7 (SD 1.7) in the peripheralizing with significant less pain subgroup. Patients in the resolved and centralizing pain subgroups reported statistically significant improvements compared with baseline on the primary outcomes leg pain and disability at short and long term (Table 2, all p < 0.001). Patients classified as peripheralizing with significant less pain reported statistically significant improvements for pain in the leg and disability at long term (p < 0.001), but not at short term.
The effects of treatment were larger in the centralizer subgroup compared to the peripheralizing with less pain subgroup at short term (mean difference VAS 29.4, 95%CI 13.6 to 45.2, p < 0.001 and mean difference RMDQs 6.7, 95%CI 3.6 to 9.8, p < 0.001)) and long term (mean differences VAS 21.2, 95%CI 2.1 to 40.3, (p < 0.05) and RMDQs 4.8, 95%CI 1.2 to 8.4 (p < 0.05)) ( Table 2) . For secondary outcomes, results in the resolved and centralizer subgroups were also significantly better compared to the peripheralizing with less pain subgroup on the short and long term ( Table 2) . For primary and secondary outcomes, there were no Table 2 Primary and secondary outcome scores and pairwise comparisons of non-operated patients (n Higher scores indicate greater disability, more pain, more anxiety or more depression. The between-group differences are regression coefficients that can be interpreted as mean differences between subgroups at a certain follow-up moment compared to baseline. Abbreviations: CI, confidence interval; RMDQs, Roland-Morris Disability Questionnaire for sciatica; HADSA, Hospital Anxiety Depression Scale for Anxiety; HADSD, Hospital Anxiety Depression Scale for Depression. statistically significant differences in change between the resolved and centralizer subgroups. The succes rates (GPE) for the subgroups resolved, centralizing and peripheralizing with less pain were 100%, 100% and 33% respectively, and at long term 100%, 92% and 50% respectively ( Table 3 ). The differences between success and non-success were statistically significant different between the three subgroups at short term (LR X 2 = 31.8 exact p < 0.001) and long term (LR X 2 = 11.7, exact p = 0.002).
Non responders on TESIs
All 17 patients classified as peripheralizing with ongoing high levels of pain and/or disability underwent lumbar discectomy; 16 patients in the weeks after TESIs and 1 patient after half a year. Although these patients did not experience a clinically relevant effect from TESIs, there was a statistically significant improvement in pain in the leg, pain in the back, anxiety and depression after TESIs (Table 4) . No long-term follow-up measurements were collected for these patients.
Discussion
This is the first prospective study that assessed changes in MDT pain response classification after TESIs in patients who were candidates for lumbar herniated disc surgery. Changes in pain response classification (from peripheralizing to centralizing or resolved) were identified in 62% of the patients. Following TESIs, a subgroup was classified as resolved (14%) and a large minority (48%) as centralizers with significant less pain. We think this change in pain pattern after TESIs is due to reduction of inflammation around the nerve root. We hypothesize that this inflammation was obstructing reduction of the mechanical displacement by MDT before the TESIs. We could not extract any pre-TESI clinical, mechanical, or imaging predictors of such a conversion from this data.
In addition to a change in classification, these patients experienced good symptomatic outcome at short and long term. The good outcomes in the centralizing subgroup are in accordance with studies that report good outcomes for centralizers treated with MDT [9, 24, 25] . The outcomes of the present study justify some optimism, especially when recognizing that all included patients had peripheralizing pain responses, MRI-verified herniated discs that corresponded to clinical assessment and 91% of the patients had chronic symptoms.
A third subgroup (16%) was classified as peripheralizing with significant less pain. These patients did not undergo surgery during the one year follow-up, but had less favourable outcomes compared to the resolved and centralizer subgroups. Our findings in relation to this subgroup differ from those of Albert et al. [12] They studied patients with severe sciatica and radiculopathy and found that patients with centralizing and periferalizing pain responses improved equally. Interestingly, they classified 7.9% of patients in a no-effect subgroup. Their no-effect subgroup was decribed as having no change in pain and or location during initial MDT assessment. This subgroup had poorer outcome. None of the patients assessed for our study were classified as no-effect, all had some symptomatic response to the MDT assessment. Possibly this is due to differences in repeated movement testing. In contrast to Albert et al. we did not restrict movement in a certain direction to 10 repetitions. The assessment continued up to 40 repetitions with the addition of therapist overpressure if needed. Albert et al. also used only one single assessment to classify the patients whereas we classified the patients twice within 48 hours. A study of Werneke et al. [24] showed that centralization is sometimes not identified in one visit, this aligns with our findings where 12 of the 41 patients showed a centralization reponse in the second visit, but not in the first.
A fourth subgroup (22%) was classified as peripheralizing with ongoing high levels of pain and/or disability. The unfavorable outcome following TESIs and the ongoing pain and disability meant that these patients were not given further conservative treatment but referred for surgery. Although outcome measurements after TESIs showed statistically significant change in leg pain and disability, the differences were not deemed clinically relevant by the patients. These findings are in line with Skytte et al. [25] who found that patients with peripheralizing response were six times more likely to undergo surgery than centralizers. Interestingly, the patients who were operated showed higher levels of pain and disablity at intake compared to the non-surgery patients. It is noted that our study recruited only patients with peripheralizing symptoms, our results may not be directly comparable with other studies [26] .
Our results differ from the results of two large prospective studies.These studies also used MDT classifications and treatment according to MDT principles and found no prognostic value of pain patterns clas- Table 3 General perceived effect at short and long term of non-operated patients (n = 60) The p value refers to differences between baseline (before injections) and short term (after injections). Abbreviations: RMDQs, Roland-Morris Disability Questionnaire for sciatica; HADSA, Hospital Anxiety Depression Scale for Anxiety; HADSD, Hospital Anxiety Depression Scale for Depression.
sification. Schmidt et al. [27] prospectively followed 793 patients with low back pain (duration 4-26 weeks) of whom 63% had leg pain. They classified patients as centralizers (18%), non lasting centralizers (21%), peripheralizers (13%), and no change (48%). All subgroups improved significantly to a clinically important degree over one year. Christiansen et al. [28] studied 331 low back pain patients who were sick listed for 4-12 weeks. They classified patients as centralizers (30%), peripheralizers (8%) and no response (62%).
Of the 122 patients with radiculopathy, 20.5 % were operated in the following year, which is similar to our study, but they were evenly distributed along the different subgroups. However, results of these studies cannot directly be compared with our study, because we only included patients with peripheralizing symptoms and treated patients with TESIs in combination with MDT. The studies of Schmidt et al. and Christiansen et al. did not use TESIs and only used MDT or other physical therapy strategies. Due to this conflicting evidence there is still uncertainty if centralization and peripheralization are prognostic factors regardless of treatment, or effect modifiers related to a specific treatment.
As we studied the combined effect of treatment with TESIs and MDT, we can't draw conclusions about the effect of the single interventions, but we have shown that TESIs could change pain patterns as recognized with MDT. In that sense TESIs made it possible to use direction specific exercises, which were not possible before TESIs. Our study showed in general good long term outcomes which was not shown in the review of Pinto et al. [4] who assessed the effectiveness of epidural corticosteroid injections as a standalone intervention.
Limitations
For the patients who did undergo surgery, only baseline and outcomes after TESI's were available. Therefore, it was not possible to make comparisons between the outcomes of this subgroup with the other subgroups. This study lacks an untreated control group, so it is not clear what proportion of patients would have changed classification simply with the passage of time. The study was not randomised, so definitive conclusions about effects cannot be drawn. Confirmation of the study is necessary due to a rather small sample size.
Conclusion
This study provides preliminary evidence that TESIs can convert patients with periferalizing pain patterns to centralizing pain patterns or no pain. The results indicate that this combined treatment prevents surgery and shows long term effect in a substantial proportion of candidates for herniated disc surgery. We believe that a change to a centralizing pain pattern can be influential in directing follow-up conservative treatment, as patients with centralizing pain patterns can be treated with direction-specific exercises, which is not possible in patients with periferalizing pain patterns. For the non-operated patients the prognosis of peripheralizers after TESIs was less favorable compared to centralizers and resolved subgroups.
